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論文内容の要旨
Abstract 
Channelrhodopsin (ChR)-1 and ChR2 are the first-identified members of 
light-gated cation channel which are growing subfamily of microbial-type rhodopsins. 
Each ChR is constituted of a seven transmembrane (7-TM) helix apoprotein, opsin and 
a covalently bound retinal. Light absorption drives generation of a photocurrent in the 
cell membranes expressing ChR2. However, the photocurrent amplitude attenuates to 
become a steady-state during prolonged irradiation. This process, desensitization, has 
been attributed to the accumulation of intermediates less conductive to cations. To have 
a better understanding of detailed physical structure knowledge of ChRs we compared 
the spectral sensitivity between desensitized and non-desensitized fractions of the 
chimeric ChRs between ChR1 and -2. The desensitizing (Ides) and non-desensitizing 
(Inon) components of ChR photocurrent were differentiated under whole-cell voltage 
clamp of ND 7/23 cells expressing ChRs. The action spectrum of Inon was different from 
that of Ides in the case of ChR2 with higher relative sensitivity to both 438 and 513 nm. 
However, the desensitization-dependent blue shift of action spectrum was observed in 
the case of ChR1-f, in which the 6th transmembrane domain (TMD6) was replaced by 
its counterpart from ChR2. To find the structures involved in this difference, the 
desensitization-dependent spectral changes of chimeric ChRs, in which N-terminal 
segments of ChR2 were replaced by the counterparts of ChR1, were investigated. We 
found that the exchange of TMD5 and 7 is involved in the difference of 
desensitization-dependent spectral transitions between ChR2 and ChR1-f. It is 
suggested that the change of positional relationship of the polar residues in TMD5 and 7 
and/or their protonation-deprotonation would affect the electron distribution of the 
retinal-Schiff base to induce the desensitization-dependent spectral transition.  
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その結果，第 5膜貫通へリックスを含むドメインと第 7膜貫通へリックスの N末半分を
含むドメインが重要であると考察した。しかし，脱感作が 2-photocycle モデルに従わな
い可能性をさらに考察する必要がある。本提出論文は，背景の理解，緻密な実験，結果
の解析および論理的な考察にもとづいて書かれており，博士論文提出者が，自立して研
究活動を行うに必要な高度の研究能力と学識を有することを示している。したがって，
Alemeh Zamani提出の論文は，博士（生命科学）の博士論文として合格と認める。 
